A Gram-stain-negative, motile-by-gliding, aerobic, non-spore-forming, rod-shaped and yellow-pigmented bacterium was isolated from Salicornia herbacea in the Yellow Sea and designated as strain MBLN091
The genus Flavimarina was first suggested by Nedashkovskaya et al. [1] , and belongs to the family Flavobacteriaceae within the phylum Bacteroidetes. So far, only one strain, Flavimarina pacifica KCTC 32466 T , in the genus Flavimarina has been reported and its features are described to be Gramstain-negative, non-endospore-forming, facultatively anaerobic, rod-shaped and non-motile. The major respiratory quinone is menaquinone-6 (MK-6) and the genomic DNA G+C content is 42.2 mol%. Its polar lipids are phosphatidylethanolamine, two unidentified aminolipids and an unidentified lipid.
Halophytic plants are well known to be common in many saline ecosystems due to their salt-resistance and ability to adapt to salinity stress, and are thus proposed as model plants for investigating salt adaptation [2] and phytoremediation of polluted saline soils [3] . They can grow in coastal salt marshes and salt lakes [4] , and serve as buffers, protection from waves and filtering contaminants in a tidal zone [5] . In addition, bacteria associated with halophytic plants have been adapted to survive under saline conditions and have been evaluated for their plant growth-promoting effects [6] . However, little information is available on the isolation of bacteria associated with Salicornia species [7] . In the present study, 120 bacterial colonies were isolated from Salicornia herbacea (called glasswort, saltwort or samphire), which is one of the halophytes that grow on seashores along the west coast of the Republic of Korea [8] , in order to isolate and characterize the culturable bacteria from halophytic plants. One of these isolates, designated strain MBLN091
T , showed relatedness with the genus Flavimarina on the basis of 16S rRNA gene sequence similarity. The taxonomic position of strain MBLN091
T was determined by phenotypic, phylogenetic and chemotaxonomic analyses.
A bacterial strain, designated strain MBLN091
T , was isolated from Salicornia herbacea on the western coast (35 02¢ 36.5 † N 126 10¢ 59.9 † E) of the Republic of Korea. After thoroughly washing the Salicornia herbacea, the leaf slices (10 g) were suspended in 30 ml of marine broth 2216 (MB; BD) for 10 min and the suspended solution (1 ml) was serially diluted by using MB. Aliquots (200 µl) of the diluted solution were then spread onto marine agar (MA) manufactured by addition of 1.5 % (w/v) agar to MB. After incubation at 30 C for 2 weeks, colonies formed on the MA. These colonies were restreaked at least three times on the same kind of fresh medium to obtain single-strain colonies. The pure colonies were preserved at --80 C in 25 % (w/v) glycerol suspension for long-term storage. In this study, 120 bacterial colonies were obtained and they were identified by PCR screening of the 16S rRNA gene sequence. Finally, one of them was identified to be a novel strain belonging to the genus Flavimarina. For comparison in the polyphasic taxonomic tests, F. pacifica KCTC 32466 T and L. marinoflava KCTC 2915
T were purchased as reference strains from the Korean Culture Type Collection (Jeongup, Korea). Strain MBLN091
T and the reference strains were routinely cultivated on MA at 30 C for 2 days.
To extract and purify the genomic DNA of strain MBLN091 T and the reference strains, a HiYield Genomic DNA Mini Kit (RBC, Taiwan) was used. For phylogenetic analysis, the 16S rRNA gene and the RNA polymerase subunit B (rpoB) gene were amplified by PCR. Bacterial universal primers 27F and 1492R [9] were used to amplify the 16S rRNA gene of strain MBLN091
T . For the rpoB gene analysis, a partial sequence of the rpoB gene of strain MBLN091
T was amplified by using the primers RPOB1698F (5¢-AAYA-TYGGWTTGATHTCWTC-3¢) and RPOB2041R (5¢-TGACGCATCATGTTDGAWCCCAT-3¢), which were designed based on a slight modification of the sequences previously described by Dahllöf et al. [10] . L. marinoflava KCTC 2915
T served as a positive control. The PCR products were sequenced by Macrogen. The 16S rRNA gene and rpoB gene sequences were obtained and assembled as described previously by Roh et al. [11] using the SeqMan software (DNAStar). SILVA (www.arb-silva.de/aligner) was used to align the 16S rRNA gene sequence of strain MBLN091 T with related species [12] . The phylogenetic neighbours and pairwisedistanceswere identified using BLAST (www.ncbi. nlm.nih.gov/blast/) and the EzTaxon-e server (www.ezbiocloud.net/) [13] . The evolutionary distances were determined by using Kimura's two-parameter model [14] . Phylogenetic trees were calculated by using MEGA6 [15] , based on three algorithms, neighbour-joining (NJ) [16] , maximum-likelihood (ML) [17] and maximum-parsimony (MP) [18] (Fig. 1b) . In the phylogenetic analysis based on the rpoB gene, strain MBLN091
T also grouped with F. pacifica KCTC 32466 T . Based on the phylogenetic analysis, the isolated strain was considered to belong to the genus Flavimarina.
To observe the morphological, physiological and biochemical taxonomic features of strain MBLN091
T , cells of the isolated strain were routinely cultured on MA at 30 C for 2 days. Cell morphology and the presence of flagella were examined by phase contrast microscopy (Primo Star; Carl Zeiss) and transmission electron microscopy (JEM-101; JEOL), respectively. To find its optimal temperature, strain MBLN091
T was cultivated at 4, 10, 15, 20, 25, 30, 35, 40 and 45 C on MA as basal medium for 4 weeks. Growth at different salinity concentrations was determined on medium A as described by Nedashkovskaya et al. C and pH 7.0 for 4 weeks. The pH range of growth was determined on modified MA that was adjusted to pH 5.0-11.0 in increments of 1.0 pH unit using the buffers: 10 mM MES, pH 5.0 and 6.0; 10 mM Bis-Tris propane, pH 7.0-9.0; 10 mM CAPS, pH 10.0 and 11.0. The motility test was determined using semi-solid MA (containing 0.3 % agarose) [19] and gliding motility was tested as described by Agarwal et al. [20] . Gram staining was performed with a Gram stain kit (Bioworld; 21770020) according to the instructions of the manufacturer. Flexirubin-type pigmentation was tested according to Reichenbach et al. [21] using 20 % (w/v) KOH solution. Oxidase activity was monitored by using a 1 % (w/v) tetramethyl-p-phenlylenediamine (bio-M erieux; REF 55 635) solution. Catalase activity was determined by testing bubble production in 3 % (v/v) H 2 O 2 (Green Pharmaceutical; 4600). Anaerobic growth was performed with a GasPak EZ anaerobe gas-generating pouch system with indicator (BD; B260683) at 30 C on MA for 4 weeks. Added electron acceptors were 5 mM KNO 3 , 10 mM FeCl 3 and 10 mM Na 2 SO 4 , respectively. To check hydrolysis, MA was used as a basal medium. Hydrolysis of starch, casein, cellulose and chitin were as determined by Benson [22] . Hydrolysis of Tweens 20, 40 and 80 was performed according to the method described by Gonz alez et al. [23] . Hydrolysis of gelatin and L-tyrosine was tested as described by Smibert and Krieg [24] . Production of H 2 S was tested according to Reddy [25] with a thiosulfate slant. Utilization of various substrates as sole carbon sources was tested with modified MA as basal medium, in which 5 g peptone was removed and 1 g yeast extract was reduced to 0.1 g, supplemented with 1 ml of vitamin solution and 1 ml Leifson [27] with the following carbohydrates (1 %, w/v): cellobiose, D-galactose, D-glucose, D-mannose and trehalose. Other enzyme activities were measured using the API 20NE and API ZYM systems (bioM erieux). Susceptibility to antibiotics was examined by the routine diffusion plate method [28] . Discs were impregnated with the following antibiotics (µg per disc, unless otherwise indicated): ampicillin (10), carbenicillin (100), cephalothin (30), ciprofloxacin (10), erythromycin (25) , gentamicin (30) , kanamycin (30) , lincomycin (15) , neomycin (30) , norfloxacin (20) , novobiocin (10), penicillin G (20 UI), polymyxin B (100 UI), streptomycin (50) and tetracycline (30) . Sensitivity was determined as a cleared zone observed around the disc of over 10 mm. Phenotypic characteristics of strain MBLN091
T are given in Table 1 and in the species description.
Strain MBLN091
T and F. pacifica KCTC 32466 T cultivated on MA at 30 C for 2 days were used for analysis of quinone and polar lipids. Isoprenoid quinones were extracted from freeze-dried cells using chloroform/methanol (2 : 1, v/v) [29] and identified using a high-preformance liquid chromatography (HPLC) system (YL9100; Younglin). The only respiratory quinone was menaquinone-6 (MK-6), a characteristic indicating that it belongs to the family Flavobacteriaceae [30] .
The polar lipids of strain MBLN091
T and the reference strain were extracted by the method described by Minnikin et al. [31] . Two-dimensional thin-layer chromatography of polar lipids was performed on the silica gel 60 F254 (10Â10 cm; Merck) by spraying with the appropriate detection reagents [31, 32] . The polar lipid profile of the isolated strain contained phosphatidylethanolamine, three unidentified aminolipids and two unidentified lipids. This composition is similar to that of F. pacifica KCTC 32466 T (Fig. S1 , available with the online Supplementary Material).
Strain MBLN091
T and the two reference strains were cultivated on MA at 30 C for 2 days to analyse their cellular fatty acids. Saponification, methylation and extraction of the cellular fatty acids were performed according to the Sherlock Microbial Identification System [33] . Cellular fatty acid composition was analysed as described by Miller [34] using an Agilent 6890 gas chromatography system and a crosslinked methyl siloxane column (HP-1; A30 mÂ0.320 mmÂ0.25 µm). The profile analysis was determined using the Sherlock MIS Software version 6.2, based on the TSBA6 database [35] . The identities of fatty acid methyl esters detected by MIDI were further confirmed by gas chromatography-mass spectrometry using Agilent GC Series 6890 apparatus. The predominant fatty acids of strain MBLN091
T (>5 % of the total fatty acids) were iso-C 15 : 0 (29.7 %), summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) (24.0 %), iso-C 17 : 0 3-OH (16.7 %) and iso-C 15 : 1 G (6.3 %) ( Table 2) . The values were similar to those of the type strains of the genera Flavimarina [1] and Leeuwenhoekiella [36] , however there were differences in the proportions of some fatty acids, including iso-C 15 : 1 G, C 16 : 0 , C 16 : 0 3-OH, iso-C 15 : 0 3-OH and C 15 : 1 !6c.
The genomic DNA of strain MBLN091
T was extracted and purified by using a HiYield Genomic DNA Mini Kit (RBC, Taiwan). The G+C content of genomic DNA was T . Data from this study and Nedashkovskaya et al. [1, 36] . All taxa are: positive for motility by gliding, oxidase and catalase activities, hydrolysis of gelatin, enzyme activities of b-glucosidase (aesculin), b-galactosidase (PNPG), alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and N-Acetyl-b-glucosaminidase, utilization of cellobiose, D-galactose, D-glucose, L-glutamate, malate, D-mannose, pyruvate, D-sorbitol, succinate and trehalose, and acid production from cellobiose and D-mannose; negative for H 2 S production, nitrate reduction, indole formation, hydrolysis of cellulose and chitin, enzyme activities of arginine dihydrolase, urease, b-glucuronidase and a-fucosidase, utilization of benzoate, citrate, formate, D-fructose, inositol, D-ribose, D-xylose, glycine and lysine, and acid production from Dgalactose. +, Positive, --, negative. determined according to Mesbah et al. [37] using reversedphase HPLC. The genomic DNA G+C content was 39.6 mol%.
Based on the data presented here, strain MBLN091 T represents a novel species within the genus Flavimarina, for which the name Flavimarina flava sp. nov. is proposed.
DESCRIPTION OF FLAVIMARINA FLAVA SP. NOV. The type strain, MBLN091 T (=KCTC 52527 T =JCM 31731 T ), was isolated from the halophyte, Salicornia herbacea. The genomic DNA G+C content of the type strain is 39.6 mol%. [38] summed features are groups of two or three fatty acids that are treated together for the purpose of evaluation in the MIDI system and include both peaks with discrete ECLs as well as those where the ECLs are not reported separately. Summed feature 3 was listed as C 16 : 1 !7c and/or C 16 : 1 !6c; summed feature 4 was listed as iso-C 17 : 1 I and/or anteiso-C 17 : 1 B; summed feature 9 was listed as C 16 : 0 10-methyl and/or iso-C 17 : 1 !9c.
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